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Abstract

Background: 17α-hydroxyprogesterone caproate (17-OHPC) is a synthetic progestogen initially 

approved in the 1950s to treat gynecological and obstetrical conditions. Despite repeated concerns 

of safety and short-term efficacy regarding the use of 17-OHPC for the prevention of preterm birth 

in pregnant women, little is known about long-term effects of 17-OHPC on health of offspring.

Objective: To examine the association between in utero exposure to 17-OHPC and risk of cancer 

in offspring.

Study Design: The Child Health and Development Studies is a population-based cohort of 

more than 18,000 mother-child dyads receiving prenatal care in the Kaiser Foundation Health 

Plan (Oakland, California) between 1959 and 1966. Clinical information was abstracted from 

mothers’ medical records beginning six months prior to pregnancy through delivery. We identified 

the number and timing of 17-OHPC injections during pregnancy. Incident cancers diagnosed 

in offspring were ascertained through 2019 by linkage to the California Cancer Registry. We 

used Cox proportional hazards models to estimate adjusted hazard ratios (aHR) and their 95% 

confidence intervals, with follow-up time accrued from date of birth through date of cancer 

diagnosis, death, or last contact.

Results: 1,008 offspring were diagnosed with cancer over 730,817 person-years of follow-up. 

About 1.0% of offspring (n=234) were exposed in utero to 17-OHPC. Exposure in the first 

trimester was associated with increased risk of any cancer (aHR 2.57, 95% CI 1.59, 4.15), and risk 

increased with number of injections (1–2 injections: aHR 1.80, 95% CI 1.12,2.90; ≥3 injections: 

Correspondence: Caitlin C. Murphy, PhD, MPH, UTHealth School of Public Health, 7000 Fannin Street, Suite 2618, Houston, TX 
77030, Tel: (713) 500-9105, caitlin.c.murphy@uth.tmc.edu.
Author contributions:
Study conception and design: CCM, BAC; Acquisition of data: BAC, PMC, NYK; Analysis and interpretation of data: all authors; 
Statistical analysis: CCM, PMC; Drafting of manuscript: CCM, BAC; Critical revision: all authors

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Presented at ENDO 2021 (annual meeting of the Endocrine Society), Virtual, March 20–23, 2021.

Disclosures: CCM reports consulting for Freenome; PMC, NYK, and BAC have no financial disclosures or conflicts of interest.

HHS Public Access
Author manuscript
Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

Published in final edited form as:
Am J Obstet Gynecol. 2022 January ; 226(1): 132.e1–132.e14. doi:10.1016/j.ajog.2021.10.035.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



aHR 3.07, 95% CI 1.34, 7.05). Exposure in the second or third trimester conferred an additional 

risk for male (aHR 2.59, 95% CI 1.07, 6.28) but not female (aHR 0.30, 0.04, 1.11) offspring. 

Risk of colorectal (aHR 5.51, 95% CI 1.73, 17.59), prostate (aHR 5.10, 95% CI 1.24, 21.00), and 

pediatric brain (aHR 34.72, 95% CI 7.29, 164.33) cancer was higher in offspring first exposed to 

17-OHPC in the first trimester compared to offspring not exposed.

Conclusions: Caution using 17-OHPC in early pregnancy is warranted, given the possible link 

with cancer in offspring.

Condensation

In a population-based cohort of more than 18,000 mother-child dyads, in utero exposure to 

17α-hydroxyprogesterone caproate was associated with cancer in offspring.

Introduction

17α-hydroxyprogesterone caproate (17-OHPC) is a synthetic progestogen initially approved 

in 1956 to treat several gynecological and obstetrical conditions, including habitual and 

threatened abortion in pregnant women. 17-OHPC was administered at a high dose (250 

mg/mL intramuscular injection) to millions of pregnant women in the U.S. (Delalutin® by 

Bristol-Myers Squibb) and Europe (Proluton® by Schering) during the 1950s and 1960s. In 

October 1973, the U.S. Food and Drug Administration (FDA) noted a lack of substantial 

evidence to support 17-OHPC for the prevention of habitual and threatened abortion and 

raised concerns of an association with congenital heart defects in offspring.1, 2 They 

subsequently removed all pregnancy-related indications from its label, citing the possibility 

of teratogenic effects associated with systemic use.1 Although labeling requirements of 

progestogens were later modified,3 the FDA withdrew their approval of 17-OHPC in 

September 2000 at the request of the manufacturer and because it was no longer being 

marketed.4

As part of its Accelerated Approval Program, the FDA again approved 17-OHPC in 

February 2011 (Makena® by AMAG Pharmaceuticals) for pregnant women with a history 

of spontaneous preterm birth, based on a randomized trial5 demonstrating reductions in the 

incidence of preterm birth at 37 weeks. Detailed analyses of that trial (reviewed by Calda6) 

raised concerns regarding fetal toxicity, noting a small, although not statistically significant, 

increase in fetal deaths and stillbirths among women who received 17-OHPC. Two large 

trials of 17-OHPC in multiple gestations similarly showed an excess of serious adverse fetal 

or neonatal events.7–10 Signals for embryo-fetal toxicity associated with 17-OHPC were 

later confirmed in rhesus monkeys11 and rodents12 in a review of experimental studies.13

The FDA required a confirmatory trial as part of their accelerated approval of 17-OHPC; 

the PROLONG trial was completed in March 2019 and demonstrated no reduction in 

the incidence of preterm birth at 35 weeks or neonatal morbidity and mortality.14 As 

a result, the Center for Drug Evaluation and Research recommended in October 2020 

to withdraw approval15 and maintained this position after the Evaluating Progestogens 

for Preventing Preterm birth International Collaborative (EPPPIC) meta-analysis16 was 
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published. Conflicting perspectives15, 17–19 highlight the ongoing controversy surrounding 

17-OHPC.

Despite repeated concerns of safety and short-term efficacy, little is known about the long-

term effects of 17-OHPC on health of offspring. The potential for synthetic hormones 

to disrupt embryological development and manifest as adverse health outcomes is well-

established by epidemiologic studies of the synthetic estrogen, diethylstilbestrol (DES), 

as well as a large literature of experimental studies.20–24 In utero exposure to DES 

increases risk of cancer in offspring across the life course.23, 25–28 Similarly, exposure to 

synthetic progestogens during fetal development may permanently alter organ morphology 

and function.29–31 This is consistent with evidence that 17-OHPC crosses the placental 

barrier32 and the fetus and placenta are capable of metabolizing 17-OHPC,33, 34 as well 

as embryo-fetal toxicity signals identified in trials and experimental studies.6 And, as with 

DES, early exposure to 17-OHPC may lead to cellular, molecular, and epigenetic changes 

that play a role in carcinogenic processes later in life.21, 35

Here, we examine the association of in utero exposure to 17-OHPC and cancer in offspring 

in the Child Health and Development Studies (CHDS), a population-based cohort of 

more than 18,000 mother-child dyads receiving care in the Kaiser Foundation Health Plan 

(Oakland, CA) in the 1960s and followed for 60 years.

Materials and Methods

Study Population

Established in 1959, the CHDS enrolled nearly all (98%) pregnant women receiving 

prenatal care from the Kaiser Foundation Health Plan (Oakland, CA) between June 1959 

and September 1966, with deliveries through June 1967 (n=18,751 live births excluding 

neonatal deaths among 14,507 mothers). Additional details of the CHDS and methodology 

are available elsewhere.36–38

We monitor CHDS participants by annual linkage to the California Department of Motor 

Vehicles, California Department of Vital Statistics, and California Cancer Registry. Mothers 

and their families are matched to these sources using an accumulated name and address 

history, routinely identifying more than 80% of families.

Primary Outcome

We ascertained incident cases of cancer in offspring through 2019 by linkage with the 

California Cancer Registry. The California Cancer Registry is one of the largest cancer 

registries in the U.S. and meets the highest quality data standards set by the National 

Program of Cancer Registries and U.S. Centers for Disease Control and Prevention.39, 40 

We used a rigorous protocol to verify cases, comparing fixed (e.g., birth date, sex, race) and 

changeable (e.g., address) identifiers by manual review.

In Utero Exposure to 17-OHPC

Clinical information, including prenatal visits, diagnosed conditions, and prescribed 

medications, was abstracted from mothers’ medical records beginning six months prior to 

Murphy et al. Page 3

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



pregnancy through delivery. All medications are linked to the date and conditions for which 

they were prescribed. We identified mothers who received 17-OHPC during pregnancy and 

measured in utero exposure as the trimester of first exposure (first trimester: 0 – 90 days; 

second trimester: 91 – 180 days; third trimester: ≥181 days). We also measured total number 

of 17-OHPC injections (1–2 or ≥3 injections).

Statistical Analysis

We used Cox proportional hazards models to estimate hazard ratios (HRs) and their 95% 

confidence intervals (CIs) for associations of in utero exposure to 17-OHPC and any cancer 

in offspring, overall and by trimester of first exposure and number of injections. To account 

for correlation between observations from siblings (n=4,244), we used robust sandwich 

estimators. Follow-up time was accrued from date of birth through date of cancer diagnosis, 

date of death, or date of last contact. Because participants are regularly monitored for 

residence and vital status, we used year of last contact from all sources to create date of 

last contact. We assessed the proportional hazards assumption in all models by visually 

examining plots of the survival function vs. survival time, as well as log(-log(survival)) vs. 

log(survival time). The assumption was not violated in any model.

Because the distribution of cancer types differed in offspring exposed and not exposed to 

17-OHPC, we explored some of these cancers in more detail, including prostate, colon and 

rectum, and pediatric brain cancers. We selected these cancers because there were multiple 

diagnoses in exposed offspring. We used Cox proportional hazards models to estimate HRs 

and their 95% CIs for the associations of in utero exposure to 17-OHPC and cancer in 

offspring, overall and in the first trimester. As above, follow-up time was accrued from date 

of birth through date of cancer diagnosis, date of death, or date of last contact (or age 18 

years for the model of pediatric brain cancer).

We examined interaction between in utero exposure to 17-OHPC and offspring sex. For 

purposes of this analysis, we defined in utero exposure as first exposure in early (first 

trimester) or late (second or third trimester) pregnancy. We compared nested models with 

and without early pregnancy*sex and late pregnancy*sex product terms using a likelihood 

ratio test; we calculated contrasts from linear combinations of the product terms to estimate 

associations of exposure in early pregnancy vs. no exposure and exposure in late pregnancy 

vs. no exposure, jointly for male and female offspring. We also estimated stratum-specific 

HRs.

Across all models, the following were evaluated a priori as confounders, individually 

and simultaneously: year of birth, sex, maternal age at pregnancy, race/ethnicity (non-

Hispanic White, non-Hispanic Black, Hispanic, Asian, other), maternal education (less 

than high school, high school or trade school, some college or more), parity at pregnancy 

(primiparous, multiparous), total family income (above or below the median, adjusted 

for 1960 dollars), gestational age (<37 weeks, ≥37 weeks), maternal body mass index 

(underweight/normal, overweight, obese), and birth weight. We selected these confounders 

because they may be directly or indirectly related to mothers’ use of 17-OHPC and 

offspring’s risk of cancer. We used height and weight reported by mothers during in-person 

interviews at enrollment or recorded at the first prenatal visit to measure maternal body mass 
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index. Gestational age was calculated by subtracting the date of the last menstrual period 

from the date of delivery (range 20 – 42 weeks). To select the most parsimonious model, we 

retained potential confounders that, if removed from the model, changed the effect estimate 

by >10%.41, 42

We also estimated incidence rates (of any cancer) and 95% confidence intervals based on 

the discrete probability distribution for a binomial parameter, separately by trimester of first 

exposure to 17-OHPC and number of injections.

Sensitivity Analyses

We conducted several sensitivity analyses to enhance the rigor of our approach, detailed 

below.

Confounding by Indication.—We examined the association between any cancer in 

offspring and conditions indicating 17-OHPC in mothers, such as threatened abortion.

Age Dependency.—Using age as the underlying time parameter, we estimated HRs and 

their 95% CIs from Cox proportional hazards regression models.43 We included product 

terms with age at follow-up (+/− 50 years) and first exposure to 17-OHPC in the first 

trimester and compared models with and without product terms using a likelihood ratio test.

Probabilistic Bias Analysis.—The association between in utero exposure to 17-OHPC 

and cancer in offspring may be confounded by shared factors between mother and offspring 

and that were not measured in the CHDS. We conducted a probabilistic bias analysis44, 45 to 

model error from unmeasured confounding.

Multiple Imputation.—Missingness ranged from 0.0% (birth weight, year of birth) to 

13.3% (maternal body mass index). We used multiple imputation by fully conditional 

specification to estimate associations of in utero exposure to 17-OHPC and any cancer 

in offspring. Fully conditional specification46 relaxes assumptions of joint multivariate 

normality and linearity and is well-suited for imputation of both categorical and continuous 

variables.

The Institutional Review Board at the Public Health Institute and the University of Texas 

Health Science Center at Houston approved this study. All analyses were conducted in SAS 

version 9.4 (SAS Institute, Cary, NC).

Results

Table 1 shows characteristics of 18,751 offspring. Most (48.2%) were born in the early 

1960s. About one-fourth (n=4,332, 23.1%) were non-Hispanic Black, and half (52.1%) were 

in families with an annual income less than the median. Median follow-up was 49.5 years 

(interquartile range [IQR]: 25.5 – 53.5 years).

About 1.0% of offspring (n=234) were exposed in utero to 17-OHPC. 17-OHPC was most 

commonly indicated for threatened abortion (41.0%); the first 17-OHPC injection occurred 

at a mean of 12 weeks’ gestation (median: 10 weeks, IQR: 7 – 15 weeks), and there was a 
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mean of 2.4 injections (median: 1 injection, IQR: 1 – 2 injections). The majority (n=165 of 

234, 70.5%) of offspring were first exposed in the first trimester. There was no difference in 

median follow-up between offspring exposed (50.5 years) and not exposed (49.5 years) to 

17-OHPC.

Table 2 shows the types of cancers (n=1,008) diagnosed in offspring by sex and gestational 

day of first exposure to 17-OHPC. Among exposed offspring (n=234), 23 were diagnosed 

with cancer, including two diagnoses in childhood (age <18 years) and 21 in adulthood (age 

≥18 years). Cancer types included: melanoma (n=2), lymphoma (n=2), leukemia (n=1), 

polycythemia vera (n=1), colon and rectum (n=3), prostate (n=3), brain (n=2, both in 

childhood), breast (n=2), thyroid (n=1), oral cavity (n=1), lung and pleura (n=1), cervix 

(n=1), uterus (n=1), kidney (n=1), and testis (n=1). Median age at diagnosis was similar for 

offspring exposed (45 years, IQR: 37 – 51 years) and not exposed (45 years, IQR: 34 – 51 

years) to 17-OHPC.

Overall, offspring exposed in utero to 17-OHPC had an increased risk of any cancer (aHR 

1.99, 95% CI 1.31, 3.02) compared to offspring not exposed, and risk differed by trimester 

of first exposure (Table 3). Specifically, offspring first exposed to 17-OHPC in the first 

trimester had an increased risk of any cancer (aHR 2.57, 95% CI 1.59, 4.15) compared to 

offspring not exposed. There was no association with first exposure in the second (aHR 

1.24, 95% CI 0.46, 3.32) or third (aHR 0.82, 95% CI 0.18, 3.80) trimester, although fewer 

offspring were first exposed later in pregnancy (n=69 of 234 exposed offspring, among 

whom 5 cancers were diagnosed). Incidence rates were 29.6 per 100,000 (95% CI 17.6, 

46.8), 16.5 per 100,000 (95% CI 4.5, 42.3), and 10.9 per 100,000 (95% CI 0.3, 60.6) in 

offspring first exposed in the first, second, and third trimester, respectively.

Risk of any cancer in offspring also increased by number of 17-OHPC injections (1–2 

injections: aHR 1.80, 95% CI 1.12, 2.90; ≥3 injections: aHR 3.07, 95% CI 1.34, 7.05) 

compared to offspring not exposed. Incidence rates were 22.3 per 100,000 (95% CI 13.2, 

35.3) and 37.0 per 100,000 (95% 12.0, 86.2) in offspring exposed to 1–2 and ≥3 injections, 

respectively.

Supplementary Table 1 shows associations of in utero exposure to 17-OHPC and specific 

cancer types. Risk of colorectal (aHR 5.51, 95% CI 1.73, 17.59), prostate (aHR 5.10, 95% 

CI 1.24, 21.00), and pediatric brain (aHR 34.72, 95% CI 7.29, 164.33) cancer was higher in 

offspring first exposed to 17-OHPC in the first trimester compared to offspring not exposed. 

The large effect size for pediatric brain cancer corresponds to two cases of 234 offspring 

exposed in utero to 17-OHPC compared to seven cases of 15,517 offspring not exposed.

Associations of in utero exposure to 17-OHPC and any cancer in offspring differed by 

offspring sex (p-value from likelihood ratio test=0.04; Table 4). First exposure in early 

pregnancy increased risk of any cancer in both male (aHR 2.75, 95% CI 1.36, 5.54) and 

female (aHR 2.09, 95% CI 1.13, 3.87) offspring, and first exposure in late pregnancy was 

associated with risk of cancer in male (aHR 2.59, 95% CI 1.07, 6.28) but not female (aHR 

0.30, 0.04, 1.11) offspring. Notably, for male offspring, risk of any cancer was similar for 

first exposure in early and late pregnancy.
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Results of sensitivity analyses are shown in Supplementary Table 2 (multiple imputation) 

and the Online Supplement (probabilistic bias analysis). Results did not materially differ 

from those reported above. In addition, there was no association between any cancer in 

offspring and threated abortion (aHR 1.09, 95% CI 0.84, 1.41); there was no evidence of age 

dependency (p-value from likelihood ratio test=0.40).

Comment

Principal Findings

We examined the long-term and intergenerational consequences of in utero exposure to 17-

OHPC. Offspring exposed in utero to 17-OHPC had a higher risk of any cancer compared 

to offspring not exposed, and the majority of cancers were diagnosed before age 50 years. 

There were particularly striking associations with exposure in the first trimester and three 

or more injections, and male offspring had an additional risk of cancer associated with 

exposure in late pregnancy.

Our findings suggest in utero exposure to 17-OHPC may contribute to increasing incidence 

rates of cancer in young adults. Incidence rates of several early-onset (age <50 years) 

cancers – and cancers seemingly unrelated – are increasing in younger adults in the 

U.S., including multiple myeloma, leukemia, and colorectal, uterine, gallbladder, kidney, 

gastric, thyroid, and pancreatic cancer.47 For some of these cancers, such as colorectal 

and gastric cancer, incidence rates have decreased in older adults in parallel,48, 49 raising 

questions of the as-yet-unknown risk factors contributing to increasing rates in younger 

adults. Importantly, incidence rates of early-onset cancers have increased successively across 

generations,47, 50 and higher incidence rates observed in Generation X (approximately birth 

years 1965 – 1980) implicate exposures prevalent in their early life. This is consistent with 

evidence that 17-OHPC crosses the placenta, has a long half-life in maternal circulation 

and noted inter-individual variability,32, 51 and in our study, more and earlier injections in 

pregnancy were associated with higher risk of cancer in offspring. As the cancer research 

paradigm shifts to studying exposures in early life,52 our findings support the importance of 

the timing of exposure assessment and measuring these exposures during critical windows of 

growth and development.

Results in the Context of What is Known

Although several trials of 17-OHPC for the prevention of preterm birth have identified 

signals for embryo-fetal toxicity,6 and others have raised concerns of maternal toxicity,53, 54 

follow-up studies55–59 of offspring exposed in utero to 17-OHPC suggest no association of 

in utero exposure with adverse physical (e.g., genital or reproductive tract abnormalities, 

congenital anomalies) or neurodevelopment (e.g., masculinization) sequelae. Similarly, the 

four-year follow-up60 of the Meis et al. trial5 found no differences in health status or 

physical examination in the subset of participating offspring (60% of those enrolled). 

Limitations of follow-up studies, most of them published in the 1980s, make it difficult 

to draw conclusions about long-term effects on health of offspring. Many combine several 

synthetic progestogens, do not consider the timing of exposure, or rely on self-reported 

outcomes from mothers many years after pregnancy. Further, across nearly all of these 
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studies, fetal and neonatal deaths remain higher in the exposed, and follow-up is limited to 

surviving offspring. It is possible that the endocrine disrupting effects of 17-OHPC manifest 

as both short-term fetal toxicities reported in trials and experimental studies and long-term 

associations with cancer that we have observed here.

The case of in utero exposure to DES is instructive. Like 17-OHPC, DES was most 

commonly prescribed to pregnant women to prevent miscarriage.23 Randomized trials 

published in the 1950s showed DES was not effective for improving pregnancy outcomes,61 

but DES continued to be prescribed in pregnancy for many years, declining after the FDA 

issued an advisory in 1971 to discontinue use in pregnancy.62 Decades of subsequent 

research has demonstrated that DES disrupts developmental programs in utero, despite high 

levels of natural estrogen in pregnancy,24 manifesting as both short-term and long-term 

health consequences for offspring. In fact, DES is considered a model endocrine disruptor, 

displaying many of the key characteristics that define endocrine-disrupting chemicals.21 

In utero exposure to DES increases risk of reproductive tract abnormalities in sons24 and 

daughters,63, 64 infertility, ectopic pregnancy, and preterm birth in daughters,23 and breast 

and vaginal cancer in daughters.28, 65

Clinical Implications

Importantly, the timing, frequency, and pregnancy-related indications of 17-OHPC in the 

1950s and 60s differ from current clinical practice. Most offspring exposed to 17-OHPC in 

our study were first exposed in the first trimester and exposed to 1 or 2 injections. Today, 

17-OHPC is recommended starting in gestational weeks 16 – 20, and women may receive 

20 injections if carried to term. Off-label use may also occur.66 We observed an association 

between first exposure in early pregnancy and cancer in all offspring, but first exposure 

in late pregnancy increased risk of cancer in male offspring only. We cannot rule out the 

possibility that exposure in the second trimester or later also contributes to risk of cancer in 

female offspring, but our finding that risk was similar in male and female offspring exposed 

in early pregnancy, or during embryogenesis, is consistent with evidence that effects of 

exposure to endocrine disruptors depends on whether exposure occurs during critical periods 

of development.67–69 The additional risk associated with first exposure in late pregnancy for 

male offspring may correspond to the period of sexual differentiation, whereby testosterone 

produced by fetal testis plays a vital role in development.70 We also cannot disentangle 

effects of the timing of exposure from the number of injections because few offspring were 

exposed to multiple injections; however, the much higher number of injections given in 

today’s practice, even if limited to the second or third trimester, may confer additional risk 

to both male and female offspring.

Although sometimes used interchangeably,71 it is also worth noting differences between 17-

OHPC, 17-α-hydroxyprogesterone (17-OHP), and progesterone.72 Progesterone is a natural 

progestogen produced by the corpus luteum and subsequently the placenta. 17-OHP is a 

metabolite of progesterone and can be converted to cortisol and androstenedione. 17-OHPC 

includes a caproate (or hexanoate) ester and is not known to be metabolized to progesterone 

or 17-OHP or any other natural metabolite.13 The EPPPIC meta-analysis16 demonstrated a 

reduction in the incidence of preterm birth at 34 weeks for progesterone administered as 
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a vaginal gel or suppository (relative risk 0.78, 95% CI 0.68, 0.90); there was a similar 

reduction for 17-OHPC, although the confidence interval contained the null value (relative 

risk 0.83, 95% CI 0.68, 1.01). Our study does not add to the ongoing discussion of 

natural vs. synthetic progestogens because vaginal suppositories were not recorded in the 

CHDS, and few offspring were exposed in utero to other synthetic progestogens (e.g., oral 

contraceptives73).

Research Implications

Mechanisms contributing to the elevated risk of cancer in offspring exposed to 17-OHPC 

in utero are not yet known, given the lack of data concerning the range of endocrine 

activity of 17-OHPC, particularly during embryonic life. A case report published in 1983 

suggested a link between in utero exposure to 17-OHPC and adrenocortical carcinoma in 

infants.74 Carcinogenic effects of synthetic progestogens (including 17-OHPC and others) 

were subsequently evaluated by the International Agency for Research on Cancer (IARC) in 

1987;75 that report concluded synthetic progestogens are possibly carcinogenic to humans 

but noted inadequate evidence for listing 17-OHPC as a carcinogen, as only two relevant 

studies had been conducted at that time.76, 77 More recent IARC reports of progestin-only 

contraceptives are relevant to effects in adulthood but do not consider in utero exposure.78 

17-OHPC is known to bind the progesterone receptor, and depending on their structure, 

synthetic progestogens can have other endocrine activity and activate several hormone 

receptors, including the estrogen receptors, androgen receptor, glucocorticoid receptor, 

and mineral corticoid receptor.79 Progesterone and other hormone receptors are widely 

distributed;80 the intricate developmental program that likely evolved in concert with high 

maternal and fetal exposure to naturally occurring progesterone supports the hypothesis 

that a synthetic progestogen, like17-OHPC, may disrupt multiple organ systems during 

development. The metabolic pathways for progesterone are not the same as for synthetic 

progestogens,81 and downstream metabolites may also play a role in developmental 

disruption.

Our finding that in utero exposure to 17-OHPC in late pregnancy increased risk of cancer in 

male but not female offspring was unexpected but plausible. Sexual dimorphism is evident 

in nearly all diseases (e.g., cardiovascular disease, cancer,28, 82 neurological disorders), 

and for many of these diseases, susceptibility begins in early development.83, 84 Normal 

development of male offspring depends on fetal testis’ production of testosterone during 

embryonic life,70 and this process may be subject to disruption. For example, a series of 

three experimental studies in male rats exposed in utero to 17-OHPC identified several 

reproductive abnormalities in adulthood, including decreases in: steroidogenic enzymes, 

sperm count, sperm motility, sperm viability, and sperm function.85–87 The same laboratory 

later reported alterations in hepatic metabolism, such as increased activity of antioxidant 

enzymes and lipid peroxidation, in adult rats exposed in utero to 17-OHPC.88 Others 

have suggested fetal origins of prostate cancer,89 consistent with our finding that in utero 
exposure to 17-OHPC increases risk of prostate cancer. Human prostatic development spans 

five stages and extends late into the second trimester, as well as the third trimester;90 another 

possibility is that exposure in late pregnancy increases susceptibility of the developing 

prostate gland to carcinogenesis following additional exposures in adulthood. Additional, 
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well-conducted experimental studies will be critical to substantiate the association between 

in utero exposure and cancer in offspring we have reported here.

Strengths and Limitations

A strength of our study is the multi-generational cohort. Prospective, robust follow-up of the 

CHDS, with detailed information on both mothers and offspring, offers a unique opportunity 

to study effects of 17-OHPC in the 60 years after offspring were born. 17-OHPC was 

ascertained by medical record review and cancer cases by linkage with a high-quality cancer 

registry, minimizing the possibility of bias due to measurement error. There was also no 

difference in follow-up between offspring exposed and not exposed to 17-OHPC, and it is 

unlikely that differential ascertainment of cancer in offspring explains our findings.

There are some limitations of our study. We could not directly examine the effect of first 

exposure at weeks 16 – 20, as currently administered in clinical practice, because most 

offspring exposed during this time were also exposed earlier in pregnancy. However, we 

observed an elevated risk of cancer in male offspring first exposed in late pregnancy (at 

gestational days 114, 149, and 236) – more comparable to today’s practice. In observational 

studies of drug exposure, it is possible that observed associations are related to the 

underlying medical conditions indicating the drug. We observed no association of conditions 

indicating 17-OHPC (e.g., threatened abortion) and cancer in offspring, providing some 

confidence that effects are not explained by indications for use. Associations between in 
utero exposure to 17-OHPC and cancer in offspring may be confounded by factors shared 

between mother and offspring, which were not measured in the CHDS. We addressed 

unmeasured confounding by conducting a probabilistic bias analysis; the median bias-

corrected association from all simulations was slightly attenuated but similar to the observed 

association. These results suggest an unmeasured confounder could only explain the entire 
observed association if the confounder was a strong predictor of cancer in offspring, and 

its distribution substantially differed between exposed and unexposed offspring, scenarios 

that are both unlikely. Finally, the number of cancers diagnosed in offspring is small, as 

is expected in this relatively young population; the estimates we report here are not overly 

imprecise, likely reflecting the large, prospective sample and the duration of follow-up that 

did not differ by exposure.

Conclusions

In summary, earlier and more frequent exposure to 17-OHPC in utero increased risk 

of cancer in offspring, and exposure in late pregnancy conferred an additional risk in 

male offspring. Experimental studies elucidating the exact mechanisms contributing to 

risk of cancer will likely take years to complete, but in the interim, these results raise 

substantial concern for using 17-OHPC in pregnancy. Regardless of differences in the 

timing, frequency, and pregnancy-related indications of 17-OHPC in our study and current 

clinical practice, at least three large trials of 17-OHPC for the prevention of preterm birth 

have already identified signals for embryo-fetal toxicity, whereby a higher proportion of 

fetal and neonatal deaths occurred in women receiving 17-OHPC compared to placebo. 

Some have also raised concerns of maternal toxicity, citing a higher incidence of gestational 

diabetes in women receiving 17-OHPC.53, 54 Now, given the possible risk of cancer in 
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exposed offspring, additional caution using 17-OHPC during pregnancy may be warranted. 

Consideration for offering 17-OHPC to pregnant women should weigh this evidence on the 

long-term consequences of in utero exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Research reported in this publication was supported by the National Cancer Institute at the National Institutes 
of Health under award number R01CA242558 (CC Murphy) and by the National Institute of Child Health and 
Development at the National Institutes of Health under contract number HHSN275201100020C (BA Cohn). The 
content is solely the responsibility of the authors and does not necessarily represent the official views of the 
National Institutes of Health. Mention herein of trade names, commercial products, or organizations does not imply 
endorsement by the U.S. government.

Collection of cancer data used in this study was supported by the California Department of Public Health 
as part of the statewide cancer reporting program mandated by California Health and Safety Code Section 
103885; the National Cancer Institute’s Surveillance, Epidemiology, and End Results Program under Contract 
HHSN261201000140C (awarded to the Cancer Prevention Institute of California), Contract HHSN261201000035C 
(awarded to the University of Southern California), and Contract HHSN261201000034C (awarded to the Public 
Health Institute); and the Centers for Disease Control and Prevention’s National Program of Cancer Registries, 
under Agreement U58DP003862-01 (awarded to the California Department of Public Health).

Grant and contract support:

This work was supported by the National Cancer Institute at the National Institutes of Health under award number 
R01CA242558 (CC Murphy) and by the National Institute of Child Health and Development at the National 
Institutes of Health under contract number HHSN275201100020C (BA Cohn). The sponsor had no role in: design 
and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or 
approval of the manuscript; and decision to submit the manuscript for publication.

Abbreviations:

17-OHPC 17α-hydroxyprogesterone caproate

CHDS Child Health and Development Studies

References

1. 38 FDA proposes reevaluation of certain progestin drugs; hearing request by 11-9-73 27947 (1973).

2. Heinonen OP, Slone D, Monson RR, Hook EB, Shapiro S. Cardiovascular birth defects and 
antenatal exposure to female sex hormones. The New England journal of medicine. Jan 13 
1977;296(2):67–70. doi:10.1056/nejm197701132960202 [PubMed: 830309] 

3. 64 Federal Register 62110–12 (1999).

4. 65 Lilly Research Laboratories et al.; Withdrawal of Approval of 28 New Drug Applications 55264 
(2000).

5. Meis PJ, Klebanoff M, Thom E, et al. Prevention of recurrent preterm delivery by 17 alpha-
hydroxyprogesterone caproate. The New England journal of medicine. Jun 12 2003;348(24):2379–
85. doi:10.1056/NEJMoa035140 [PubMed: 12802023] 

6. Calda P Safety signals of 17-OHP-C use in pregnancy and efficacy in the prevention of 
preterm birth. The Journal of Maternal-Fetal & Neonatal Medicine. 2009;22(6):540–542. [PubMed: 
19089768] 

Murphy et al. Page 11

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Rouse DJ, Caritis SN, Peaceman AM, et al. A trial of 17 alpha-hydroxyprogesterone caproate to 
prevent prematurity in twins. The New England journal of medicine. Aug 2 2007;357(5):454–61. 
doi:10.1056/NEJMoa070641 [PubMed: 17671253] 

8. Caritis SN, Rouse DJ, Peaceman AM, et al. Prevention of preterm birth in triplets using 17 
alpha-hydroxyprogesterone caproate: a randomized controlled trial. Obstetrics and gynecology. Feb 
2009;113(2 Pt 1):285–92. doi:10.1097/AOG.0b013e318193c677 [PubMed: 19155896] 

9. Combs CA, Garite T, Maurel K, Das A, Porto M. Failure of 17-hydroxyprogesterone to reduce 
neonatal morbidity or prolong triplet pregnancy: a double-blind, randomized clinical trial. American 
journal of obstetrics and gynecology. Sep 2010;203(3):248.e1–9. doi:10.1016/j.ajog.2010.06.016 
[PubMed: 20816146] 

10. Combs CA, Garite T, Maurel K, Das A, Porto M. 17-hydroxyprogesterone caproate for 
twin pregnancy: a double-blind, randomized clinical trial. American journal of obstetrics and 
gynecology. Mar 2011;204(3):221.e1–8. doi:10.1016/j.ajog.2010.12.042 [PubMed: 21376161] 

11. Hendrickx AG, Korte R, Leuschner F, et al. Embryotoxicity of sex steroidal hormones 
in nonhuman primates: II. Hydroxyprogesterone caproate, estradiol valerate. Teratology. Feb 
1987;35(1):129–36. doi:10.1002/tera.1420350116 [PubMed: 3563931] 

12. Seegmiller RE, Nelson GW, Johnson CK. Evaluation of the teratogenic potential of delalutin 
(17 alpha-hydroxyprogesterone caproate) in mice. Teratology. Oct 1983;28(2):201–8. doi:10.1002/
tera.1420280208 [PubMed: 6648824] 

13. Christian MS, Brent RL, Calda P. Embryo-fetal toxicity signals for 17alpha-hydroxyprogesterone 
caproate in high-risk pregnancies: a review of the non-clinical literature for embryo-
fetal toxicity with progestins. J Matern Fetal Neonatal Med. Feb 2007;20(2):89–112. 
doi:10.1080/14767050601178758 [PubMed: 17437208] 

14. Blackwell SC, Gyamfi-Bannerman C, Biggio JR Jr., et al. 17-OHPC to Prevent Recurrent Preterm 
Birth in Singleton Gestations (PROLONG Study): A Multicenter, International, Randomized 
Double-Blind Trial. American journal of perinatology. Jan 2020;37(2):127–136. doi:10.1055/
s-0039-3400227 [PubMed: 31652479] 

15. Chang CY, Nguyen CP, Wesley B, Guo J, Johnson LL, Joffe HV. Withdrawing Approval of 
Makena - A Proposal from the FDA Center for Drug Evaluation and Research. The New 
England journal of medicine. Dec 10 2020;383(24):e131. doi:10.1056/NEJMp2031055 [PubMed: 
33140923] 

16. Stewart LA, Simmonds M, Duley L, et al. Evaluating Progestogens for Preventing Preterm 
birth International Collaborative (EPPPIC): meta-analysis of individual participant data from 
randomised controlled trials. The Lancet. 2021;397(10280):1183–1194.

17. Greene MF, Klebanoff MA, Harrington D. Preterm Birth and 17OHP - Why the FDA Should 
Not Withdraw Approval. The New England journal of medicine. Dec 10 2020;383(24):e130. 
doi:10.1056/NEJMp2031727 [PubMed: 33140924] 

18. Godlewski BJ, Sobolik LI, King VJ, Harrod CS. Accelerated Approval of 17α-
Hydroxyprogesterone Caproate: A Cautionary Tale. Obstetrics and gynecology. May 
2020;135(5):1207–1213. doi:10.1097/aog.0000000000003787 [PubMed: 32282587] 

19. Nelson DB, McIntire DD, Leveno KJ. A chronicle of the 17-alpha hydroxyprogesterone caproate 
story to prevent recurrent preterm birth. American journal of obstetrics and gynecology. Feb 
2021;224(2):175–186. doi:10.1016/j.ajog.2020.09.045 [PubMed: 33035472] 

20. Iguchi T, Sato T, Nakajima T, Miyagawa S, Takasugi N. New frontiers of developmental 
endocrinology opened by researchers connecting irreversible effects of sex hormones on 
developing organs. Differentiation. Oct 31 2020;doi:10.1016/j.diff.2020.10.003

21. La Merrill MA, Vandenberg LN, Smith MT, et al. Consensus on the key characteristics of 
endocrine-disrupting chemicals as a basis for hazard identification. Nat Rev Endocrinol. Jan 
2020;16(1):45–57. doi:10.1038/s41574-019-0273-8 [PubMed: 31719706] 

22. Newbold RR. Prenatal exposure to diethylstilbestrol (DES). Fertil Steril. Feb 2008;89(2 
Suppl):e55–6. doi:10.1016/j.fertnstert.2008.01.062 [PubMed: 18308064] 

23. Hoover RN, Hyer M, Pfeiffer RM, et al. Adverse health outcomes in women exposed in 
utero to diethylstilbestrol. The New England journal of medicine. Oct 6 2011;365(14):1304–14. 
doi:10.1056/NEJMoa1013961 [PubMed: 21991952] 

Murphy et al. Page 12

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Reed CE, Fenton SE. Exposure to diethylstilbestrol during sensitive life stages: a legacy of 
heritable health effects. Birth Defects Res C Embryo Today. Jun 2013;99(2):134–46. doi:10.1002/
bdrc.21035 [PubMed: 23897597] 

25. Herbst AL, Ulfelder H, Poskanzer DC. Adenocarcinoma of the vagina. Association of maternal 
stilbestrol therapy with tumor appearance in young women. The New England journal of medicine. 
Apr 15 1971;284(15):878–81. doi:10.1056/nejm197104222841604 [PubMed: 5549830] 

26. Troisi R, Hyer M, Titus L, et al. Prenatal diethylstilbestrol exposure and risk of diabetes, 
gallbladder disease, and pancreatic disorders and malignancies. Journal of developmental origins 
of health and disease. Oct 28 2020:1–8. doi:10.1017/s2040174420000872

27. Hom M, Sriprasert I, Ihenacho U, et al. Systematic Review and Meta-analysis of Testicular 
Germ Cell Tumors Following In Utero Exposure to Diethylstilbestrol. JNCI Cancer Spectr. Sep 
2019;3(3):pkz045. doi:10.1093/jncics/pkz045 [PubMed: 31555759] 

28. Troisi R, Hatch EE, Titus L, et al. Prenatal diethylstilbestrol exposure and cancer risk in women. 
Environ Mol Mutagen. Jun 2019;60(5):395–403. doi:10.1002/em.22155 [PubMed: 29124779] 

29. Reinisch JM, Karow WG. Prenatal exposure to synthetic progestins and estrogens: effects on 
human development. Arch Sex Behav. Jul 1977;6(4):257–88. doi:10.1007/bf01541201 [PubMed: 
889431] 

30. Willing J, Wagner CK. Exposure to the synthetic progestin, 17α-hydroxyprogesterone caproate 
during development impairs cognitive flexibility in adulthood. Endocrinology. 2016;157(1):77–82. 
[PubMed: 26556535] 

31. Gore AC, Martien KM, Gagnidze K, Pfaff D. Implications of prenatal steroid perturbations 
for neurodevelopment, behavior, and autism. Endocr Rev. Dec 2014;35(6):961–91. doi:10.1210/
er.2013-1122 [PubMed: 25211453] 

32. Caritis SN, Sharma S, Venkataramanan R, et al. Pharmacology and placental transport of 
17-hydroxyprogesterone caproate in singleton gestation. American journal of obstetrics and 
gynecology. Nov 2012;207(5):398.e1–8. doi:10.1016/j.ajog.2012.08.015 [PubMed: 22967833] 

33. Sharma S, Ellis EC, Dorko K, et al. Metabolism of 17alpha-hydroxyprogesterone caproate, 
an agent for preventing preterm birth, by fetal hepatocytes. Drug Metab Dispos. May 
2010;38(5):723–7. doi:10.1124/dmd.109.029918 [PubMed: 20097724] 

34. Fokina VM, Zharikova OL, Hankins GD, Ahmed MS, Nanovskaya TN. Metabolism of 
17-alpha-hydroxyprogesterone caproate by human placental mitochondria. Reprod Sci. Mar 
2012;19(3):290–7. doi:10.1177/1933719111419248 [PubMed: 22138546] 

35. Gore AC, Chappell VA, Fenton SE, et al. EDC-2: The Endocrine Society’s Second 
Scientific Statement on Endocrine-Disrupting Chemicals. Endocr Rev. Dec 2015;36(6):E1–e150. 
doi:10.1210/er.2015-1010 [PubMed: 26544531] 

36. Van den Berg B. The California child health and development studies. Handbook of longitudinal 
research. 1984;1:166–179.

37. van den Berg BJ, Christianson RE, Oechsli FW. The California child health and development 
studies of the School of Public Health, University of California at Berkeley. Paediatric and 
perinatal epidemiology. 1988;2(3):265–282. [PubMed: 3070486] 

38. Susser E, Buka S, Schaefer C, et al. The early determinants of adult health study. Journal of 
developmental origins of health and disease. 2011;2(6):311. [PubMed: 25126404] 

39. Killion JA, Giddings BM, Chen Y, et al. Cancer in California, 1998–
2015. 2018. https://www.ccrcal.org/download/68/special-reports-for-all-cancers/7639/cancer-in-
california-1988-2015-2.pdf

40. Cancer Reporting in California. 2021. California Cancer Reporting System Standards, Volume 
I: Abstracting and Coding Procedures. https://www.ccrcal.org/submit-data/cancer-registrars-
hospitals-and-facilities/reporting-by-cancer-registrars/

41. Greenland S. Modeling and variable selection in epidemiologic analysis. American journal of 
public health. Mar 1989;79(3):340–9. doi:10.2105/ajph.79.3.340 [PubMed: 2916724] 

42. Weng HY, Hsueh YH, Messam LL, Hertz-Picciotto I. Methods of covariate selection: directed 
acyclic graphs and the change-in-estimate procedure. American journal of epidemiology. May 15 
2009;169(10):1182–90. doi:10.1093/aje/kwp035 [PubMed: 19363102] 

Murphy et al. Page 13

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ccrcal.org/download/68/special-reports-for-all-cancers/7639/cancer-in-california-1988-2015-2.pdf
https://www.ccrcal.org/download/68/special-reports-for-all-cancers/7639/cancer-in-california-1988-2015-2.pdf
https://www.ccrcal.org/submit-data/cancer-registrars-hospitals-and-facilities/reporting-by-cancer-registrars/
https://www.ccrcal.org/submit-data/cancer-registrars-hospitals-and-facilities/reporting-by-cancer-registrars/


43. Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longitudinal follow-up of a 
survey: choice of the time-scale. American journal of epidemiology. Jan 1 1997;145(1):72–80. 
doi:10.1093/oxfordjournals.aje.a009034 [PubMed: 8982025] 

44. Lash TL, Fox MP, Fink AK. Applying quantitative bias analysis to epidemiologic data. Springer 
Science & Business Media; 2011.

45. Fox MP, Lash TL, Greenland S. A method to automate probabilistic sensitivity analyses of 
misclassified binary variables. International journal of epidemiology. Dec 2005;34(6):1370–6. 
doi:10.1093/ije/dyi184 [PubMed: 16172102] 

46. Liu Y, De A. Multiple Imputation by Fully Conditional Specification for Dealing with 
Missing Data in a Large Epidemiologic Study. Int J Stat Med Res. 2015;4(3):287–295. 
doi:10.6000/1929-6029.2015.04.03.7 [PubMed: 27429686] 

47. Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends among young adults in the 
USA: analysis of a population-based cancer registry. Lancet Public Health. Mar 2019;4(3):e137–
e147. doi:10.1016/s2468-2667(18)30267-6 [PubMed: 30733056] 

48. Murphy CC, Sandler RS, Sanoff HK, Yang YC, Lund JL, Baron JA. Decrease in Incidence 
of Colorectal Cancer Among Individuals 50 Years or Older After Recommendations for 
Population-based Screening. Clinical gastroenterology and hepatology : the official clinical 
practice journal of the American Gastroenterological Association. Jun 2017;15(6):903–909.e6. 
doi:10.1016/j.cgh.2016.08.037 [PubMed: 27609707] 

49. Anderson WF, Camargo MC, Fraumeni JF Jr., Correa P, Rosenberg PS, Rabkin CS. Age-
specific trends in incidence of noncardia gastric cancer in US adults. JAMA : the journal of 
the American Medical Association. May 5 2010;303(17):1723–8. doi:10.1001/jama.2010.496 
[PubMed: 20442388] 

50. Murphy CC, Singal AG, Baron JA, Sandler RS. Decrease in incidence of young-onset colorectal 
cancer before recent increase. Gastroenterology. Aug 27 2018;doi:10.1053/j.gastro.2018.07.045

51. Feghali M, Venkataramanan R, Caritis S. Prevention of preterm delivery with 
17-hydroxyprogesterone caproate: pharmacologic considerations. Semin Perinatol. Dec 
2014;38(8):516–22. doi:10.1053/j.semperi.2014.08.013 [PubMed: 25256193] 

52. Mahabir S, Aagaard K, Anderson LM, et al. Challenges and opportunities in research on early-
life events/exposures and cancer development later in life. Cancer causes & control : CCC. Jun 
2012;23(6):983–90. doi:10.1007/s10552-012-9962-5 [PubMed: 22527169] 

53. Rebarber A, Istwan NB, Russo-Stieglitz K, et al. Increased incidence of gestational diabetes in 
women receiving prophylactic 17alpha-hydroxyprogesterone caproate for prevention of recurrent 
preterm delivery. Diabetes care. Sep 2007;30(9):2277–80. doi:10.2337/dc07-0564 [PubMed: 
17563346] 

54. Waters TP, Schultz BAH, Mercer BM, Catalano PM. Effect of 17alpha-hydroxyprogesterone 
caproate on glucose intolerance in pregnancy. Obstetrics and gynecology. Jul 2009;114(1):45–49. 
doi:10.1097/AOG.0b013e3181a9454b [PubMed: 19546757] 

55. Check JH, Rankin A, Teichman M. The risk of fetal anomalies as a result of progesterone therapy 
during pregnancy. Fertil Steril. Apr 1986;45(4):575–7. doi:10.1016/s0015-0282(16)49292-7 
[PubMed: 3956772] 

56. Michaelis J, Michaelis H, Glück E, Koller S. Prospective study of suspected associations between 
certain drugs administered during early pregnancy and congenital malformations. Teratology. Feb 
1983;27(1):57–64. doi:10.1002/tera.1420270109 [PubMed: 6845218] 

57. Resseguie LJ, Hick JF, Bruen JA, Noller KL, O’Fallon WM, Kurland LT. Congenital 
malformations among offspring exposed in utero to progestins, Olmsted County, Minnesota, 
1936–1974. Fertil Steril. Apr 1985;43(4):514–9. doi:10.1016/s0015-0282(16)48490-6 [PubMed: 
3987922] 

58. Katz Z, Lancet M, Skornik J, Chemke J, Mogilner BM, Klinberg M. Teratogenicity of 
progestogens given during the first trimester of pregnancy. Obstetrics and gynecology. Jun 
1985;65(6):775–80. [PubMed: 3158848] 

59. Kester PA. Effects of prenatally administered 17 alpha-hydroxyprogesterone caproate on 
adolescent males. Arch Sex Behav. Oct 1984;13(5):441–55. doi:10.1007/bf01541429 [PubMed: 
6517685] 

Murphy et al. Page 14

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



60. Northen AT, Norman GS, Anderson K, et al. Follow-up of children exposed in utero to 17 
alpha-hydroxyprogesterone caproate compared with placebo. Obstetrics and gynecology. Oct 
2007;110(4):865–72. doi:10.1097/01.AOG.0000281348.51499.bc [PubMed: 17906021] 

61. Dieckmann WJ, Davis ME, Rynkiewicz LM, Pottinger RE. Does the administration of 
diethylstilbestrol during pregnancy have therapeutic value? American journal of obstetrics and 
gynecology. Nov 1953;66(5):1062–81. doi:10.1016/s0002-9378(16)38617-3 [PubMed: 13104505] 

62. Selected item from the FDA drug bulletin-november 1971: diethylstilbestrol contraindicated in 
pregnancy. Calif Med. Feb 1972;116(2):85–6.

63. O’Brien PC, Noller KL, Robboy SJ, et al. Vaginal epithelial changes in young women 
enrolled in the National Cooperative Diethylstilbestrol Adenosis (DESAD) project. Obstetrics and 
gynecology. 1979;53(3):300–308. [PubMed: 424101] 

64. ROBBOY SJ, KAUFMAN RH, PRAT J, et al. Pathologic findings in young women enrolled in 
the National Cooperative Diethylstilbestrol Adenosis (DESAD) Project. Obstetrics & Gynecology. 
1979;53(3):309–317. [PubMed: 424102] 

65. Troisi R, Hatch EE, Titus-Ernstoff L, et al. Cancer risk in women prenatally exposed 
to diethylstilbestrol. International journal of cancer Journal international du cancer. Jul 15 
2007;121(2):356–60. doi:10.1002/ijc.22631 [PubMed: 17390375] 

66. Shinde M, Cosgrove A, Woods CM, et al. Utilization of hydroxyprogesterone caproate among 
pregnancies with live birth deliveries in the sentinel distributed database. J Matern Fetal Neonatal 
Med. Apr 29 2021:1–6. doi:10.1080/14767058.2021.1910669

67. Fenton SE, Birnbaum LS. Timing of Environmental Exposures as a Critical Element in Breast 
Cancer Risk. The Journal of clinical endocrinology and metabolism. Sep 2015;100(9):3245–50. 
doi:10.1210/jc.2015-2848 [PubMed: 26214118] 

68. Cohn BA, Wolff MS, Cirillo PM, Sholtz RI. DDT and breast cancer in young women: new data on 
the significance of age at exposure. Environmental health perspectives. Oct 2007;115(10):1406–
14. doi:10.1289/ehp.10260 [PubMed: 17938728] 

69. Birnbaum LS, Fenton SE. Cancer and developmental exposure to endocrine disruptors. 
Environmental health perspectives. Apr 2003;111(4):389–94. doi:10.1289/ehp.5686 [PubMed: 
12676588] 

70. Sajjad Y Development of the genital ducts and external genitalia in the early human embryo. J 
Obstet Gynaecol Res. Oct 2010;36(5):929–37. doi:10.1111/j.1447-0756.2010.01272.x [PubMed: 
20846260] 

71. Romero R, Stanczyk FZ. Progesterone is not the same as 17α-hydroxyprogesterone caproate: 
implications for obstetrical practice. American journal of obstetrics and gynecology. Jun 
2013;208(6):421–6. doi:10.1016/j.ajog.2013.04.027 [PubMed: 23643669] 

72. Piette PCM. The pharmacodynamics and safety of progesterone. Best Pract Res Clin Obstet 
Gynaecol. Nov 2020;69:13–29. doi:10.1016/j.bpobgyn.2020.06.002 [PubMed: 32739288] 

73. Torfs CP, Milkovich L, van den Berg BJ. The relationship between hormonal pregnancy 
tests and congenital anomalies: a prospective study. American journal of epidemiology. May 
1981;113(5):563–74. doi:10.1093/oxfordjournals.aje.a113133 [PubMed: 7194580] 

74. Mann JR, Cameron AH, Gornall P, Rayner PH, Shah KJ. Transplacental carcinogenesis 
(adrenocortical carcinoma) associated with hydroxyprogesterone hexanoate. Lancet. Sep 3 
1983;2(8349):580. doi:10.1016/s0140-6736(83)90616-5

75. Humans IWGotEoCRt. III. PROGESTINS (Group 2B). Overall Evaluations of Carcinogenicity: 
An Updating of IARC Monographs Volumes 1 to 42. International Agency for Research on 
Cancer; 1987.

76. Urmancheeva AF, Novikova AI, Anisimov VN. [Stimulating effect of pregnancy on the growth 
of cervical cancer]. Akush Ginekol (Mosk). Jan 1981;(1):53–5. Stimuliruiushchee vliianie 
beremennosti na rost raka sheĭki matki.

77. Cancer IAfRo. IARC monographs on the evaluation of the carcinogenic risk of chemicals to 
humans. Vol. 21. Sex hormones (II). IARC monographs on the evaluation of the carcinogenic risk 
of chemicals to humans Vol 21 Sex hormones (II). 1979;

78. Humans IWGotEoCRt. Hormonal contraceptives, progestogens only. Hormonal Contraception and 
Post-menopausal Hormonal Therapy. International Agency for Research on Cancer; 1999.

Murphy et al. Page 15

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



79. Stanczyk FZ, Hapgood JP, Winer S, Mishell DR Jr. Progestogens used in postmenopausal hormone 
therapy: differences in their pharmacological properties, intracellular actions, and clinical effects. 
Endocr Rev. Apr 2013;34(2):171–208. doi:10.1210/er.2012-1008 [PubMed: 23238854] 

80. Asavasupreechar T, Saito R, Miki Y, Edwards DP, Boonyaratanakornkit V, Sasano H. Systemic 
distribution of progesterone receptor subtypes in human tissues. The Journal of steroid 
biochemistry and molecular biology. May 2020;199:105599. doi:10.1016/j.jsbmb.2020.105599 
[PubMed: 31991170] 

81. Lobo RA. Progestogen metabolism. J Reprod Med. Feb 1999;44(2 Suppl):148–52. [PubMed: 
11392024] 

82. Strohsnitter WC, Hyer M, Bertrand KA, et al. Prenatal Diethylstilbestrol Exposure and Cancer 
Risk in Males. Cancer epidemiology, biomarkers & prevention : a publication of the American 
Association for Cancer Research, cosponsored by the American Society of Preventive Oncology. 
Jul 16 2021;doi:10.1158/1055-9965.Epi-21-0234

83. Gabory A, Attig L, Junien C. Sexual dimorphism in environmental epigenetic programming. 
Molecular and cellular endocrinology. 2009;304(1–2):8–18. [PubMed: 19433243] 

84. Gabory A, Roseboom TJ, Moore T, Moore LG, Junien C. Placental contribution to the origins 
of sexual dimorphism in health and diseases: sex chromosomes and epigenetics. Biology of sex 
differences. 2013;4(1):1–14. [PubMed: 23331332] 

85. Pushpalatha T, Reddy PR, Reddy PS. Impairment of male reproduction in adult rats exposed 
to hydroxyprogesterone caproate in utero. Naturwissenschaften. 2004;91(5):242–244. [PubMed: 
15146273] 

86. Pushpalatha T, Reddy PR, Reddy PS. Gestational exposure to hydroxyprogesterone caproate 
suppresses reproductive potential in male rats. Naturwissenschaften. Aug 2005;92(8):385–8. 
doi:10.1007/s00114-005-0005-x [PubMed: 16049688] 

87. Pushpalatha T, Reddy PR, Reddy PS. Effect of prenatal exposure to hydroxyprogesterone 
on steroidogenic enzymes in male rats. Naturwissenschaften. Jan 2003;90(1):40–3. doi:10.1007/
s00114-002-0384-1 [PubMed: 12545243] 

88. Pushpalatha T, Reddy PR, Reddy PS. Alterations in hepatic metabolism of adult male rats 
following exposure to hydroxyprogesterone during embryonic development. Asian journal of 
andrology. Jul 2006;8(4):463–7. doi:10.1111/j.1745-7262.2006.00081.x [PubMed: 16763723] 

89. Shibata A, Minn AY. Perinatal sex hormones and risk of breast and prostate cancers in adulthood. 
Epidemiologic reviews. 2000;22(2):239–248. [PubMed: 11218375] 

90. Cunha GR, Vezina CM, Isaacson D, et al. Development of the human prostate. Differentiation. 
Sep-Oct 2018;103:24–45. doi:10.1016/j.diff.2018.08.005 [PubMed: 30224091] 

Murphy et al. Page 16

Am J Obstet Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



AJOG at a Glance:

Why was this study conducted?

• Despite continued use of 17α-hydroxyprogesterone caproate (17-OHPC) in 

pregnant women, little is known about its long-term effects on health of 

offspring.

What are the key findings?

• Offspring exposed in utero to 17-OHPC had a higher risk of any cancer 

compared to offspring not exposed.

• Risk was higher with exposure in the first trimester and three or more 

injections.

• Exposure in late pregnancy conferred an additional risk of cancer in male but 

not female offspring.

What does this study add to what is already known?

• Caution using 17-OHPC in early pregnancy is warranted, given the possible 

link with cancer in offspring.
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Table 1.

Characteristics of 18,751 offspring
1
 in the Child Health and Development Studies, 1959 – 1967, by in utero 

exposure to 17-OHPC

In utero exposure to 17-OHPC (n=234) Not exposed to 17-OHPC (n=18,517)

n % n %

Offspring characteristics

Sex

 Male 117 50.0 9465 51.1

 Female 117 50.0 9052 48.9

Year of birth

 1959–61 98 41.9 5505 29.7

 1962–64 116 49.6 8929 48.2

 1965–67 20 8.6 4083 22.1

Race/ethnicity

 Non-Hispanic White 173 75.6 12092 66.3

 Non-Hispanic Black 43 18.8 4289 23.5

 Hispanic 2 0.9 611 3.4

 Asian 5 2.2 714 3.9

 Other 6 2.6 537 2.9

 Missing 5 274

Gestational age

 < 37 weeks 22 9.4 1438 7.9

 ≥ 37 weeks 212 90.6 16781 92.1

 Missing 0 298

Birth weight (grams)

 <2,500 20 8.6 1066 5.8

 2,500 – 3,999 200 85.5 15847 85.6

 ≥4,000 14 6.0 1604 8.7

Maternal characteristics 
2 

Maternal age at pregnancy (years)

 <20 9 3.9 1668 9.1

 20–24 61 26.2 5587 30.5

 25–29 63 27.0 5317 29.0

 30–34 59 25.3 3257 17.8

 35–39 29 12.5 1895 10.3

 ≥40 12 5.2 620 3.4

 Missing 1 173

Parity at pregnancy

 Primiparous 66 28.3 5699 31.0

 Multiparous 167 71.7 12685 69.0

 Missing 1 133
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In utero exposure to 17-OHPC (n=234) Not exposed to 17-OHPC (n=18,517)

n % n %

Body mass index (kg/m2)
3

 Underweight/ normal (<25) 167 79.2 12056 75.2

 Overweight (25 – 29.9) 35 16.6 2970 18.5

 Obese (≥30) 9 4.3 1014 6.3

 Missing 23 2477

Maternal education

 Less than high school 34 16.0 2865 18.2

 High school or trade school 82 38.5 6121 38.8

 Some college or college degree 97 45.5 6796 43.1

 Missing 21 2735

Annual family income
4

 < median 60 32.6 4759 36.5

 ≥ median 124 67.4 8280 63.5

 Missing 50 5478

1
Live births excluding neonatal deaths among 14,507 women

2
Because mothers may have had more than one live birth during the study period, maternal characteristics are reported at the level of offspring

3
Body mass index measured using height and weight reported by mothers during in-person interviews at enrollment or recorded at the first prenatal 

visit

4
Median income adjusted to 1960 dollars = $6,303
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Table 2.

Cancer diagnoses by sex and gestational day
1
 of first in utero exposure to 17-OHPC (n=1,008)

Male offspring (n=391) Female offspring (n=617)

Cancer type Not exposed Early pregnancy
Late 

pregnancy Not exposed Early pregnancy
Late 

pregnancy

Oral cavity 18 1 (115) 4

Esophagus 5 2

Stomach 6 2

Small intestine 5 1

Colon and rectum 30 2 (34, 71) 35 1 (46)

Anus 9 4

Liver 6 2

Pancreas 4 1

Nose or nasal cavity 3 3

Larynx 2

Lung and pleura 15 1 (50) 24

Bone and joint 3 3

Soft tissue 4 3

Melanoma or other non-
epithelial skin

57 45 2 (38, 53)

Breast -- -- -- 197 2 (35, 67)

Cervix -- -- -- 111 1 (56)

Uterus -- -- -- 22 1 (63)

Ovary -- -- -- 13

Vagina or vulva -- -- -- 9

Prostate 53 2 (45, 77) 1 (236) -- -- --

Testis 28 1 (67) -- -- --

Penis 3 -- -- --

Bladder 7 3

Kidney 18 6 1 (46)

Eye 3 1

Brain 21 1 (62) 10 1 (76)

Central nervous system 7 19

Thyroid or other endocrine 8 34 1 (96)

Lymphoma 29 1 (114) 22 1 (73)

Myeloma 8 6

Leukemia 16 1 (60) 16

Kaposi sarcoma 4

Miscellaneous
2 7 1 (149) 8

1
Early pregnancy defined as first trimester (day 0–90) and late pregnancy defined as second and third trimester (day ≥91); gestational day of first 

exposure to 17-OHPC denoted by ( )

2
Includes polycythemia vera diagnosed in exposed offspring
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